Alpha- and beta-adrenergic stimulation induces distinct patterns of immediate early gene expression in neonatal rat myocardial cells. fos/jun expression is associated with sarcomere assembly; Egr-1 induction is primarily an alpha 1-mediated response.
The present study was designed to determine if alpha- and beta-adrenergic stimulation of neonatal rat myocardial cells might induce common and/or distinct members of the immediate early gene program and to assess whether their induction might correlate with the differential effects of these adrenergic agonists on cardiac gene expression, sarcomere assembly, and several features of myocardial cell hypertrophy. Alpha- and beta-adrenergic stimulation of neonatal rat myocardial cells both produce an increase in the assembly of an individual contractile protein (myosin light chain-2) into organized sarcomeric units and also rapidly induce mRNAs for the immediate early genes c-fos and c-jun, thereby suggesting a potential role for these protooncogenes in sarcomerogenesis. alpha-Adrenergic stimulation results in the co-induction of mRNAs encoding a zinc finger protein gene (Egr-1). However, beta-adrenergic stimulation does not produce a significant increase in the levels of Egr-1 mRNA, providing the first evidence in any cell system that c-fos and Egr-1 expression can regulated separately. Studies with norepinephrine in combination with various adrenergic receptor antagonists revealed that the induction of Egr-1 is primarily an alpha 1-mediated, pertussis toxin-insensitive response. These studies provide the first evidence for the induction of immediate early genes following adrenergic stimulation of myocardial cells and demonstrate alpha- and beta-adrenergic stimulation can rapidly activate the expression of common and distinct subsets of these transcriptional regulators. Since alpha- and beta-adrenergic agonists have differential effects on cardiac gene expression and on the acquisition of several features of myocardial cell hypertrophy, the induction of Egr-1 provides a potential mechanism for the induction of genes that are exclusively induced during alpha-adrenergic-mediated myocardial cell hypertrophy.